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ABSTRACT 
Although Nugent’s criterion is considered as the gold standard for the diagnosis of bacterial vaginosis (BV), the 
method requires an experienced slide reader and considerable time and skill. We compared Hay/ Ison and Amsel 
with Nugent’s scoring criteria to determine the prevalence and corelates for BV among women of reproductive 
age attending reproductive health related clinics (family planning, post-natal and sexually transmitted Infection - 
STI) at Mbagathi County Referral Hospital in Nairobi. Vaginal specimens were collected from 201 consenting 
women, presenting with or without the vaginal symptoms of vaginitis. BV was diagnosed using Hay/ Ison, 
Amsel and Nugent’s method while factors corelates were gathered using structured interviews. Sensitivity, 
specificity, and predictive values for positive and negative test were calculated for both Hay/ Ison and Amsel 
methods using Nugent criteria as the gold standard. Corelates for BV in this population were evaluated against 
the three methods. There were 66 cases (32.8%) of BV by Amsel’s method, 79 cases (39.3%) of BV by Hay/ 
Ison’s Criteria and 72 (35.8%) cases by the Nugent’s method. Using Nugent criteria as the gold standard, the 
concordant, sensitivity, specificity, positive and negative predictive values of tests were. Amsel: 77.1%, 63.9%, 
84.5%, 80.7% and 69.7% respectively, and Hay/ Ison: 96.5%, 100%, 94.6%, 100% and 91.1% respectively. 
Evaluating the performance of Hay/ Ison test against Amsel criteria, the standard method for clinical diagnosis; 
offered no improvement in sensitivity 72.7%, specificity 77.1%, NPV 85.3% and PPV 60.8% when compared to 
Nugent’s score. Factors independently associated with BV infection included. For all the three tests: Presence of 
clue cells; Nugent and Hay/ Ison methods: education level, marital status and positive for whiff tests: For Nugent 
and Amsel criteria: Presence of vaginal discharge and for Hay/ Ison test: condom use. Attributes of socio-
demographic and sexual hygiene and behavior contributes to high prevalence of BV among women in the capital 
city of Kenya. The Hay/ Ison’s method shows good agreement with the Nugent criteria and can be recommended 
as a stand-alone alternative assay to Nugent’s criteria or as a confirmatory test for BV in this population. 
Key words: Nugent, Amsel and Hay/ Ison method Bacterial Vaginosis, Test performance, Correlates, Women of 
Reproductive Age, Western Kenya 
 
BACKGROUND 
Vaginal discharge resulting from diverse physiological and pathological circumstances, is by far the most 
prevalent and uncomfortable condition for women of different age groups in any society whether they are 
sexually active or not (Modak et al., 2011).  Bacterial vaginosis (BV) is by far the most common cause of 
abnormal vaginal discharge among women (Allsworth and Peipert, 2007). BV is characterized mainly by change 
in the complex vaginal flora, marked by a replacement in the predominant Lactobacillus by mixed microbial 
flora consisting of anaerobes and Gardnerella vaginalis (Pirotta et al., 2009). Among pregnant women, diagnosis 
and immediate treatment of BV is recommended when symptomatic to curb associated complications such as 
low birth weight infants (Thorsen et al., 2006), preterm births (Das et al., 2011), pelvic inflammatory disease 
(Peipert et al., 1998), postpartum endometritis (Wolrath et al., 2001), and infertility (Mania-Pramanik et al., 
2009. BV is further associated with a 60% increased risk of HIV-1 acquisition in women and a 3·62-fold 
increased risk of female-to-male HIV-1 transmission (Bukusi et al., 2006; Verstraelen et al., 2010) and also 
several other sexually transmitted infections (STIs), including herpes simplex virus, gonorrhea, trichomoniasis, 
and chlamydia trachomatis infection (Cherpes et al., 2003; Wiesenfeld et al., 2003).  
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By far, BV is still prevalent more common among women in sub-Saharan Africa reported in over half of this 
population (Klebanoff et al., 2004). In this setting BV infection has been associated with multiple and life time 
number of sex partners, poor condom uptake and vaginal douching (Okuku et al., 2016). Determining the 
contributioning factors to the prevalence of BV infection is essential in designing preventative and management 
measures.  
Several methods have been developed and used to dragonize BV including; Amsel’s criteria (Amsel et al 1983), 
Nugent criteria (Nugent et al., 1991) and rapid point-of-care tests such as QuickVue Advance pH and Amines 
test (Charonis and Larsson, 2006). While QuickVue Advance pH and Amines test is no longer in the market, 
both Amsel and Nugent methods score the smears by quantification of the different vaginal morphotypes, 
making the evaluation of smears very subjective that requires an experienced slide reader and also considerable 
time and skill. Consequently, in 2002 Ison and Hay (2002) described a simpler version of the two methods in 
which vaginal flora is divided into three different categories namely: normal, intermediate, and BV depending on 
the relative amount of Lactobacillus morphotypes to Gardnerella morphotypes. The majority of Kenyan 
hospitals do not diagnosis BV while those that does have been using Amsel method while Nugent mainly used 
for research purposes. Data are currently lacking on the utility of Hay/ Ison test to detect BV in Kenya. This 
study therefore evaluated the performance of simple reading scheme of Hay/Ison and Amsel method against the 
scoring method of Nugent in diagnosing BV in our setting. 
 
METHODOLOGY 
Study design and sample collection 
This cross-sectional study enrolled consenting women of reproductive age (≥18 years) attending reproductive 
health related clinics (family planning, post-natal and sexually transmitted Infection - STI) in Mbagathi County 
Referral Hospital located in the capital city of Kenya. This study conducted between March and December, 2016 
conveniently enrolled a total of 201 eligible women. These participants underwent through a face to face 
interview and also provided vaginal swabs. High vaginal swabs were collected by a trained clinician which were 
used for diagnosing BV, Trichomonas vaginalis, and vaginal candidiasis. Signs of vaginal discharge including 
amount, odor, color, and consistency were noted. Two vaginal swabs were collected simultaneously and 
immediately used as follows: one for Amsel scoring, the second smear air-dried, heat- fixed, and Gram-stained 
for Nugent and Hay/ Ison scoring. This study was approved by Ethical Review Committee of Kenya Medical 
Research Institute (KEMRI/SSC No. 2905).  
Amsel criteria 
BV was assessed using Amsel criteria (Amsel et al., 1983) and was considered positive on the basis of at least 3 
of the following 4 signs: vaginal pH > 4.5, presence of amine odor on addition of 10% potassium hydroxide 
(whiff test), presence of 3–5 clue cells per high power field on wet-mount microscopy, and homogenous vaginal 
discharge. The presence of discharge was recorded by clinician while vaginal pH > 4.5, whiff test and the 
presence of 3–5 clue cells per high power field on wet-mount microscopy were done by two independent trained 
researchers in the Laboratory. 
 
Nugent and Hay/ Ison’s Criteria 
The air-dried and heat- fixed glass smears were Gram-stained as follows. Briefly, the fixed smear was covered 
with crystal violet for 1 minute, washed with water, flooded with Gram’s iodine for 1 minute, washed with 
water, and then decolorized with acetone for 2-3 seconds. The smears were rinsed quickly under running water 
to stop the decolorization and then counterstained with safranin for 1 minute. The smear was rinsed with running 
water and blot-dried. The Nugent and Hay/ Ison’s grading were undertaken by two independent trained 
researchers as follows  
Nugent scoring: For diagnosis of bacterial vaginosis, Gram-stained vaginal smear was examined under oil 
immersion objective (1000x magnification) and graded as per standardized, quantitative, morphological 
classification developed by Nugent. Composite score was categorized into three categories, scores 0–3 being 
normal, 4–6 being intermediate, and 7–10 being definite bacterial vaginosis (Nugent et al., 1991).  
Hay/ Ison scoring: For diagnosis of bacterial vaginosis by Hay/ Ison’s method, Gram-stained vaginal smear was 
examined under oil immersion objective (1000x magnification) and graded in the following manner: grade I 
(normal flora), Lactobacillus morphotype only; grade II (intermediate flora), reduced Lactobacillus morphotype 
with mixed bacterial morphotypes; grade III (bacterial vaginosis), mixed bacterial morphotypes with few or 
absent Lactobacillus morphotypes (Ison and Hay, 2002).  
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Clue cells: The presence of clue cells was recorded from Gram-stained vaginal smear examined under oil 
immersion objective (1000x magnification)   
Trichomonas vaginalis: After smearing the slide for Nugent score, this swab was then used to inoculate 
InPouchTV culture kit (Biomed Diagnostic, White City, OR, USA), for detection of T. vaginalis infection 
according to manufactures instructions. The pouches were incubated at 37∘C incubator for five days or until 
trichomonads were detected. The pouches were microscopic examined at 10x and 40x magnification. 
 
Yeast cells: The yeast cells and hyphae were observed and recorded both from wet mount slides as well as from 
Gram-stained vaginal smear examined under oil immersion objective (1000x magnification)   
 
Corelates for BV 
Sociodemographic, sexual behavior, HIV status and reproductive tract infections and hygienic related factors 
associated with BV infection among this population were gathered during the face to face interviews using 
structured questionnaire. 
Data analysis 
Descriptive statistics (proportion and frequency) was used to describe the population. The performance 
(concordance, sensitivity, specificity, and predictive values) were calculated for two scenarios: 1. For Amsel and 
Hay/ Ison’s method against Nugent criteria as the gold standard and 2. For Hay/ Ison using Amsel as gold 
standard for routine clinical diagnosis.   The bivariate and multivariate analysis were done to assess the 
association of selected variables with BV infection separately for the three tests (Nugent, Hay/ Ison and Amsel). 
All statistical analyses were performed using STATA v 13 (StataCorp LP, Texas, USA) at the significance level 
of p ≤0.05. 
  
RESULTS 
Population characteristic 
Table 1 summarizes the characteristics of the study population. Analyzable data were available for all the 201 
women recruited. The mean age of the participant was 26.05 years ranging from 37 (18-55 years). The majority 
of the participants 36.3% were aged 21- 25 years, 51.2% were unemployed, 44.8% had secondary education, 
79.6% were married. Further, the majority of participants 86.1% had not procured an abortion, 95.5% had single 
sexual partner, 58.2% had age of sexual debut >18 years, 49.7% were using either regular pill or injection or coil 
for their contraceptive, 75.6% had circumcised partners and 43.3% were using condoms. There were 10.4% of 
the participants who were HIV positive, 92% had no previously STD infections, 38.3% reported vaginal 
irritation while 48.8% had lower abdominal pain. The majority of the participants 63.7% reported taking bath 
seven times in a week, 76.6% reported ever washing their vagina apart from when bathing and 66.7% washed 
their vagina immediately after sex.  
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Table 1: Baseline characteristics of study population 
Variables (N = 201) Unit Frequency Percentage
Age 21 - 25 Years 73 36.3
Occupation Unemployed 103 51.2
Education Level Secondary level 90 44.8
Marital status Married 160 79.6
Number of children >1 68 33.8
Somking Yes 4 2
Previous abortion Yes 28 13.9
Number of sexual partners 1 192 95.5
Lifetime sexual partner 1 184 91.5
Age of sexual debut <18 117 58.2
Contraceptive types used Regular pill/Injection/ Coil 100 49.7
Partner circumcised Yes 152 75.6
Condom use Yes 114 56.7
HIV status Positive 15 7.5
Previous STI infection Yes 16 8
Frequency of STI infection Once 16 8
Vaginal Irritation Yes 77 38.3
Frequency of Vaginal irritation >1 43 21.4
Abdominal pain Yes 98 48.8
Vaginal Discharge Yes 65 32.3
Yeast cell Positive 36 17.9
Trichomonas Positive 7 3.5
Whiff Test Positive 66 32.8
Clue cells Positive 25 12.4
Weekly bathing times 7 times 128 63.7
Items used for bathing Soap and water 125 62.2
Number of times washed pants in a week 7 times 92 54.2
Washed vagina other than during bathing Yes 154 76.6
Viginal washing immediately after sex Yes 134 66.7
Practised douching Yes 15 7.5
Douching items Soap/detergent/disinfectant 10 5
 
 
Prevalence of BV 
The prevalence of BV was as follows: using Nugent criteria (Score of 7–10), 72 (35.8%; 95% CI 29.5 – 42.7) 
were diagnosed with BV, 66 (32.8%; 95% CI 26.7 – 39.6) using Amsel’s method and 79 (39.3%; 95% CI 32.8 – 
46.2) by the Hay/lson criteria.  
 
Performance of BV Diagnostic tests  
Performance of BV tests evaluated against Nugent score is summarized in Table 2. Data were used for 
performance analyses only if the results were definitive. Results concordant with those of Nugent score were 
obtained in 155 of 201 (77.1%; 95% CI 70.8 – 82.4) swabs by Amsel criteria and 194 of 201 (96.5%; 95% CI 
92.9 - 98.3) swabs by Nugent score. Based on Nugent score as the gold standard, the test sensitivities were as 
follows: Amsel criteria 46 of the 72 true positive (63.9%; 95% CI 52.4 – 74.1) swab by Nugent score and by 
Hay/lson criteria 72 of the 72 true positive (100%; 95% CI 94.9 – 100) swab by Nugent score. The specificities 
of each test were: Amsel criteria 109out of the 129 true negative (84.5%; 95% CI 77.3 – 89.7) swabs by Nugent 
score and 122 (94.6%; 95% CI 89.2 – 97.3) by Hay/lson criteria out of 129 true negative score by Nugent 
criteria. The positive predictive values (PPV) of the two tests ranged from 46 (69.7%) out of 66 by Amsel 
criteria to 72 (91.1%) out of 79 by Hay/lson criteria. The negative predictive values (NPV) ranged from 109 
(80.7%) out of 135 by Amsel criteria to 122 (100%) out of 122 by Hay/lson criteria.  
Amsel’s criteria is the standard method for clinical diagnosis while Nugent method generally used in research 
settings, evaluating the performance of Hay/ Ison criteria against Amsel’s criteria the performance was as 
follows. Test concordance of Hay/ Ison was 75.4%, sensitivity of 72.7% and a specificity of 77.1%. The NPV 
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was 85.3% and a PPV of 60.8%. Comparing the performance of Hay/ Ison method against Amsel criteria, 
reduces its performance as opposed to when compared to Nugent criteria in terms of: concordance (75.4% versus 
96.6%), sensitivity (72.7% versus 100%), specificity (77.1% versus 94.6%), NPV (85.3% versus 100%) and 
PPV (60.8% versus 91.1%).  
 
Table 2: Test performance in two scenario (i) Amsel’s criteria and Hay method against Nugent score and 
(ii) Hay’s Method against Amsel criteria. 
Test N Concordant results Sensitivity Specificity NPV PPV
(%) 95% CI (%) 95% CI (%) 95% CI (%) 95% CI (%) 95% CI coefficient (κ) P
Amsel criteria 201 77.1(70.8 - 82.4) 63.9(52.4 - 74.1) 84.5(77.3 - 89.7) 80.7(73.3 - 86.5) 69.7(57.8 - 79.5) 0.126 0.001
Hay/lson criteria 201 96.5(92.9 - 98.3) 100(94.9 - 100) 94.6(89.2 - 97.3) 100(96.9 - 100) 91.1(82.8 - 95.6) 0.926 0.001
Hay/lson criteria 201 75.4(68.9 - 81.3) 72.7(60.2 - 82.6) 77.1(68.9 - 83.7) 85.3(77.4 - 90.8) 60.8(49.1 - 71.4) 0.126 0.001
Bacterial vaginosis (Amsel score)
% - Percentage; CI - Confidence Interval; NPV -Negative Predictive Value; PPV - Positive Predictive Value; κ - Cohen's kappa coefficient
Bacterial vaginosis (Nugent score 7–10)
Cohen's kappa 
 
Nugent score of 0–6 were considered negative, and 7–10 considered positive. PPV: positive predictive 
value; NPV: negative predictive value. Amsel’s criteria defined as presence of any three of the four 
characteristics: vaginal pH > 4.5, presence of amine odour on addition of 10% potassium hydroxide (whiff 
test), presence of 3–5 clue cells per high power field on wet-mount microscopy, and homogenous vaginal 
discharge. Hay’s criteria grade I (Lactobacillus morphotype only) was referred to as normal vaginal flora 
while grade III (absent Lactobacillus morphotypes) was considered bacterial vaginosis  
Factors associated with BV infection 
Table 3 shows Socio-demographic and Sexual behavior-specific prevalence of BV infection and bivariate 
prevalence ratios for BV infection (vs no infection).  
Socio-demographic related factors: In the bivariate analyses, using the Nugent scoring criteria participants 
who had primary level of education were less likely to be infected with BV than those women who had tertiary 
level of education (OR 0.5, 95% CI 0.3 to 0.9). Similarly, using the Hay/Ison scoring criteria participants who 
had primary level of education were less likely to be infected with BV than those women who had tertiary level 
of education (OR 0.6, 95% CI 0.3 to 0.9).  
 
Sexual behavior related factors: In the bivariate analyses, Hay/Ison scoring criteria, women whose partner 
used condoms during sexual encounters were more likely to be infected with BV compared to women who did 
not use condoms (OR 1.6, 95% CI 1.1 to 2.5). 
Table 4 shows reproductive tract infection including HIV and personal hygiene-specific prevalence of BV 
infection and bivariate prevalence ratios for BV infection (vs no infection).  
 
HIV status and reproductive tract infection factors: In the bivariate analyses, using Nugent scoring criteria, 
women who had vaginal discharge were more likely to be infected with BV compared to women who reported 
no vaginal discharge (OR 1.6, 95% CI 1.1 to 2.5). Similarly, women whose whiff test turned positive were more 
likely to be infected with BV compared to women had negative whiff test (OR 3.6, 95% CI 2.2 to 5.8). Further, 
women who had clue cells were more likely to be BV infected than those who had no clue cells (OR 3.5, 95% CI 
2.2 to 5.7). Using Hay/Ison scoring criteria, women who had Trichomonas vaginalis infection were more likely 
to be infected with BV compared to women who had no T. vaginalis infection (OR 2.3, 95% CI 1.1 to 5.2). 
Similarly, women whose whiff test turned positive were more likely to be infected with BV compared to women 
had negative whiff test (OR 3.2, 95% CI 2.0 to 4.9). Further, women who had clue cells were more likely to be 
BV infected than those who had no clue cells (OR 3.1, 95% CI 1.9 to 4.9). Using Amsel scoring criteria, women 
who had vaginal discharge were more likely to be infected with BV compared to women who reported no 
vaginal discharge (OR 1.6, 95% CI 1.1 to 2.7). Further, women who had clue cells were more likely to be BV 
infected than those who had no clue cells (OR 3.1, 95% CI 1.8 to 5.2).  
 
Personal hygiene: In the bivariate analyses for the three tests, none of the personal hygiene attributes such as 
number of times women bathed in a week, items used during this bathing, number of times washed their 
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underpants, washing of vagina other than during bathing, washing vagina immediately after sex, douching 
detergent and items used for douching were associated with BV infection.  
 
As summarized in Table 5 the following variables in multivariate analysis remained significantly associated with 
BV infection across the three tests. Women who were single (OR 1.8, 95% CI 1.1 to 3.1) by Nugent criteria and 
(OR 1.6, 95% CI 1.0 to 2.7) by Hay/Ison criteria, those who had primary level of education (OR 0.5, 95% CI 0.2 
to 0.9) by Nugent criteria and (OR 0.5, 95% CI 0.3 to 0.9) by Hay/Ison criteria, those who tested whiff positive 
(OR 3.3, 95% CI 2.1 to 5.5) by Nugent criteria and (OR 2.4, 95% CI 1.5 to 4.1) by Hay/Ison criteria, those who 
clue cells (OR 2.4, 95% CI 1.4 to 4.3) by Nugent criteria (OR 2.1, 95% CI 1.2 to 3.7) by Hay/Ison criteria and 
(OR 2.1, 95% CI 1.1 to 3.3) by Amsel criteria. Further, women who had vaginal discharge (OR 1.6, 95% CI 1.1 
to 2.7) by Nugent criteria and (OR 1.7, 95% CI 1.1 to 2.8) by Amsel criteria and lastly, women whose partner 
used condoms during sexual encounter (OR 1.6, 95% CI 1.1 to 2.5) by Hay/Ison criteria were independently 
associated with BV infection 
 
Table 3. Characteristic-specific prevalence of BV infection and bivariate prevalence ratios for BV 
infection (vs no infection) 
Variables Frequency P - value Bivariate P - value Bivariate P - value Bivariate 
No % uOR  (95% CI) No % uOR  (95% CI) No % uOR  (95% CI)
Age
18 - 20 32 14 43.8 0.744 1.2(0.4 - 3.7) 15 46.9 0.652 1.3(0.4 - 3.9) 12 37.5 0.622 1.4(0.4 - 4.9)
21 - 25 73 25 34.2 0.911 0.9(0.3 - 2.7) 26 35.6 0.969 0.9(0.3 - 2.8) 25 34.2 0.709 1.3(0.4 - 4.2)
26 - 30 56 21 37.5 0.955 1.1(0.4 - 3.1) 24 42.9 0.761 1.2(0.4 - 3.4) 17 30.4 0.864 1.1(0.3 - 3.8)
31 - 35 29 8 27.6 0.652 0.7(0.2 - 2.5) 10 34.5 0.928 0.9(0.3 - 3.1) 9 31 0.846 1.1(0.3 - 4.2)
>35 11 4 36.4 Referent Referent 4 36.4 Referent Referent 3 27.3 Referent Referent
Occupation
Employed 58 21 36.2 0.898 1.1(0.6 - 1.8) 23 39.7 0.936 1.1(0.6 - 1.7) 18 31 0.832 0.9(0.5 - 1.7)
Business 40 15 37.5 0.819 1.1(0.5 - 1.9) 16 40 0.92 1.1(0.6 - 1.8) 14 35 0.854 1.1(0.6 - 1.9)
Unemployed 103 36 35 Referent Referent 40 38.8 Referent Referent 34 33 Referent Referent
Education Level
Primary 85 26 30.6 0.049 0.5(0.3 - 0.9) 29 34.1 0.048 0.6(0.3 - 0.9) 28 32.9 0.482 0.8(0.4 - 1.6)
Secondary 90 31 34.4 0.101 0.6(0.3 - 1.1) 34 37.8 0.108 0.6(0.3 - 1.1) 27 30 0.337 0.7(0.4 - 1.4)
College/university 26 15 57.7 Referent Referent 16 61.5 Referent Referent 11 42.3 Referent Referent
Marital status
Single 39 22 56.4 0.021 1.8(1.1 - 2.9) 24 61.5 0.035 1.7(1.1 - 2.7) 16 41.2 0.343 1.3(0.7 - 2.3)
Married 160 50 31.3 Referent Referent 56 35 Referent Referent 50 31.3 Referent Referent
Divorced/Separated/Widowed 2 0 0 ND ND 0 0 0.987 ND 0 0 0.991 ND
Previous abortion
Yes 28 7 25 0.306 0.7(0.3 - 1.5) 8 28.6 0.332 0.7(0.3 - 1.4) 6 21.4 0.261 0.6(0.3 - 1.4)
No 173 65 37.6 Referent Referent 71 41 Referent Referent 60 34.7 Referent Referent
Number of sexual partners
1 192 2 28.6 0.148 0.4(0.09 - 1.5) 75 39.1 0.19 0.4(0.09 - 1.6) 64 33.3 0.687 0.7(0.09 - 4.8)
>1 7 68 35.4 0.21 0.3(0.04 - 2.1) 2 28.6 0.21 0.3(0.04 - 2.1) 1 14.3 0.376 0.3(0.02 - 4.6)
None 2 2 100 Referent Referent 2 100 Referent Referent 1 50 Referent Referent
Lifetime sexual partner
1 184 66 35.9 0.97 1.1(0.5 - 2.3) 72 39.1 0.898 0.9(0.4 - 2.1) 60 32.6 0.853 0.9(0.4 - 2.1)
>1 17 6 35.3 Referent Referent 7 412.2 Referent Referent 6 35.3 Referent Referent
Age of sexual debut
<18 80 28 35 0.839 0.9(0.7 - 1.6) 32 40 0.942 1.1(0.6 - 1.7) 25 46.7 0.815 0.9(0.5 - 1.6)
18 37 13 35.1 0.882 0.9(0.5 - 1.8) 14 37.8 0.906 0.9(0.5 - 1.8) 53 32.1 0.875 1.1(0.5 - 2.1)
>18 84 31 36.9 Referent Referent 33 39.3 Referent Referent 6 28.6 Referent Referent
Contraceptive types used
Condoms 12 3 25 0.427 0.6(0.2 - 2.1) 3 25 0.347 0.6(0.2 - 1.9) 3 25 0.582 0.7(0.2 - 2.4)
Regular pill/Injection/ Coil 100 33 33 0.444 0.8(0.5 - 1.4) 37 3 0.484 0.8(0.5 - 1.4) 30 30 0.587 0.9(0.5 - 1.5)
Emergency contraceptive 35 14 40 0.957 0.9(0.5 - 1.9) 15 42.9 0.912 0.9(0.5 - 1.8) 14 40 0.716 1.1(0.6 - 2.3)
None 54 22 40.7 Referent Referent 24 44.4 Referent Referent 19 35.2 Referent Referent
Partner circumcised
Yes 152 55 36.2 0.88 1.1(0.6 - 1.8) 60 39.5 0.946 1.1(0.6 - 1.7) 51 33.6 0.755 1.1(0.6 - 1.9)
No 49 17 34.7 Referent Referent 19 38.8 Referent Referent 15 30.6 Referent Referent
Condom use
Yes 114 34 29.8 0.096 1.5(0.9 - 2.4) 36 31.6 0.042 1.6(1.1 - 2.5) 36 31.6 0.687 1.1(0.7 - 1.8)
No 87 38 43.7 Referent Referent 43 49.4 Referent Referent 30 34.5 Referent Referent
No - Number; % - Percentage; OR - Odds ratio; CI - confidence interval; u - Unadjusted odds ratio; a - adjusted OR; ND - Not done; Bold - Significant association
 BV positive using 
Nugent criteria 
 BV positive using 
Hay/Ison criteria 
 BV positive Amsel 
criteria 
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Table 4. Characteristic-specific prevalence of BV infection and bivariate prevalence ratios for BV 
infection (vs no infection) 
Variables Frequency P - value Bivariate P - value Bivariate P - value Bivariate 
No % uOR  (95% CI) No % uOR  (95% CI) No % uOR  (95% CI)
HIV status
Positive 15 8 53.3 0.248 1.9(0.6 - 5.4) 9 60 0.243 1.8(0.7 - 4.8) 7 46.7 0.378 1.6(0.5 - 4.8)
Negative 165 58 35.2 0.629 1.2(0.5 - 2.9) 63 38.2 0.733 1.1(0.5 - 2.5) 53 32.1 0.786 1.1(0.5 - 2.6)
Not tested 21 6 28.6 Referent Referent 7 33.3 Referent Referent 6 28.6 Referent Referent
Previous STI infection
Yes 16 6 37.5 0.907 1.1(0.5 - 2.4) 9 56.3 0.263 1.4(0.7 - 2.9) 6 37.5 0.735 1.2(0.5 - 2.6)
No 185 66 35.7 Referent Referent 70 37.8 Referent Referent 60 32.4 Referent Referent
Vaginal Irritation
Yes 77 33 42.9 0.191 1.3(0.9 - 2.2) 37 48.1 0.121 1.4(0.9 - 2.2) 28 36.4 0.492 1.2(0.7 - 1.9)
No 124 39 31.5 Referent Referent 42 33.9 Referent Referent 38 30.6 Referent Referent
Abdominal pain
Yes 98 32 47.7 0.465 0.8(0.5 - 1.3) 35 35.7 0.429 0.8(0.5 - 1.3) 32 32.7 0.965 0.9(0.6 - 1.60
No 103 40 38.8 Referent Referent 44 42.7 Referent Referent 34 33 Referent Referent
Vaginal Discharge
Yes 65 31 47.7 0.044 1.6(1.1 - 2.5) 33 50.8 0.075 1.5(0.9 - 2.3) 29 44.6 0.046 1.6(1.1 - 2.7)
No 135 41 30.4 Referent Referent 46 34.1 Referent Referent 36 26.7 Referent Referent
Yeast cell
Positive 36 13 36.1 0.61 1.1(0.7 - 1.9) 25 44.6 0.454 1.2(0.7 - 1.9) 23 41.1 0.207 1.4(0.8 - 2.3)
Negative 165 59 35.8 Referent Referent 54 37.2 Referent Referent 43 29.7 Referent Referent
Trichomonas vaginosis
Positive 7 4 57.1 0.342 1.6(0.6 - 4.5) 25 44.6 0.049 2.3(1.1 - 5.2) 4 57.1 0.26 1.8(0.7 - 4.9)
Negative 194 68 35.1 Referent Referent 54 37.2 Referent Referent 62 32 Referent Referent
Whiff Test
Positive 66 46 69.7 0.001 3.6(2.2 - 5.8) 48 72.7 0.001 3.2(2.0 - 4.9) 66 100 0.985 ND
Negative 135 26 19.3 Referent Referent 31 23 Referent Referent 0 0 Referent Referent
Clue cells
Positive 25 24 96 0.0001 3.5(2.2 - 5.7) 48 72.7 0.001 3.1(1.9 - 4.9) 20 80 0.001 3.1(1.8 - 5.2)
Negative 176 48 27.3 Referent Referent 31 23 Referent Referent 46 26.1 Referent Referent
Weekly bathing times
> 7 24 7 29.2 0.803 0.9(0.4 - 2.2) 7 29.2 0.699 0.8(0.3 - 2.1) 6 25 0.49 0.7(0.3 - 1.8)
7 128 49 38.3 0.581 1.2(0.7 - 2.1) 55 43 0.441 1.2(0.7 - 2.1) 43 33.6 0.91 0.9(0.6 - 1.7)
< 7 49 16 32.7 Referent Referent 17 34.7 Referent Referent 17 34.7 Referent Referent
Washed vagina other than during 
bathing
Yes 154 56 36.4 0.816 1.1(0.6 - 1.9) 61 39.6 0.9 1.1(0.6 - 1.7) 49 31.8 0.649 0.9(0.5 - 1.5)
No 47 16 34 Referent Referent 18 38.3 Referent Referent 17 36.2 Referent Referent
Viginal washing immediately after sex
Yes 134 51 38.1 0.855 0.9(0.5 - 1.8) 58 43.3 0.836 1.1(0.6 - 2.1) 43 32.1 0.821 1.1(0.5 - 2.3)
No 67 21 31.1 Referent Referent 21 31.3 Referent Referent 23 34.3 Referent Referent
Practised douching
Yes 15 5 33.3 0.867 0.9(0.4 - 2.3) 6 40 0.964 1.0(0.4 - 2.3) 3 20 0.373 0.6(0.2 - 1.9)
No 186 67 36 Referent Referent 73 39.2 Referent Referent 63 33.9 Referent Referent
No - Number; % - Percentage; OR - Odds ratio; CI - confidence interval; u - Unadjusted odds ratio; a - adjusted OR; ND - Not done; Bold - Significant association
 BV positive Nugent 
criteria 
 BV positive using 
Hay/Ison criteria 
 BV positive Amsel 
criteria 
 
Table 4. Factors independently associated with BV infection (vs no infection) across three tests 
Variables Frequency P - value Multivariate P - value Multivariate P - value Multivariate
No % aOR  (95% CI) No % aOR  (95% CI) No % aOR  (95% CI)
Marital status
Single 39 22 56.4 0.044 1.8(1.1 - 3.1) 24 61.5 0.047 1.6(1.0 - 2.7) 16 41.2 0.364 1.3(0.7 - 2.5)
Married 160 50 31.3 Referent Referent 56 35 Referent Referent 50 31.3 Referent Referent
Divorced/Separated/Widowed 2 0 0 0.998 ND 0 0 0.987 ND 0 0 0.993 ND
Education Level
Primary 85 26 30.6 0.027 0.5(0.2 - 0.9) 29 34.1 0.036 0.5(0.3 - 0.9) 28 32.9 0.434 0.7(0.4 - 1.5)
Secondary 90 31 34.4 0.047 0.5(0.3 - 0.9) 34 37.8 0.907 0.5(0.3 - 1.0) 27 30 0.255 0.7(0.3 - 1.4)
College/university 26 15 57.7 Referent Referent 16 61.5 Referent Referent 11 42.3 Referent Referent
Whiff Test
Positive 66 46 69.7 0.001 3.3(2.1 - 5.5) 48 72.7 0.001 2.4(1.5 - 4.1) 66 100 0.985 ND
Negative 135 26 19.3 Referent Referent 31 23 Referent Referent 0 0 Referent Referent
Clue cells
Positive 25 24 96 0.002 2.4(1.4 - 4.3) 48 72.7 0.008 2.1(1.2 - 3.7) 20 80 0.001 2.1(1.1 - 3.4)
Negative 176 48 27.3 Referent Referent 31 23 Referent Referent 46 26.1 Referent Referent
Vaginal Discharge
Yes 65 31 47.7 0.048 1.6(1.1 - 2.7) 33 50.8 0.122 1.5(0.9 - 2.4) 29 44.6 0.049 1.7(1.1 - 2.8)
No 135 41 30.4 Referent Referent 46 34.1 Referent Referent 36 26.7 Referent Referent
Condom use
Yes 114 34 29.8 0.096 1.5(0.9 - 2.4) 36 31.6 0.049 1.6(1.1 - 2.5) 36 31.6 0.617 1.1(0.7 - 1.9)
No 87 38 43.7 Referent Referent 43 49.4 Referent Referent 30 34.5 Referent Referent
 BV positive using 
Nugent criteria 
 BV positive using 
Hay/Ison criteria 
 BV positive Amsel 
criteria 
No - Number; % - Percentage; OR - Odds ratio; CI - confidence interval; a - adjusted Odds ratio; ND - Not done; Bold - Significant association
 
 
DISCUSSION 
In order to prevent and manage any disease/condition it is imperative to understand its epidemiology. 
Consequently, this study was a buildup of growing need for data tackling one of the most common causes of 
vaginal discharge among women of reproductive age in Sub-Saharan Africa and other developing countries. This 
study provided additional data on the prevalence and factors associated with BV infection among women of 
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reproductive age attending one of the largest middle level public hospital in the Capital city of Kenya. Further, 
the study is the first of its kind to provided data on the utility of Hay/Ison criteria; simpler version of both 
Nugent criteria (exclusively used in research settings) and Amsel’s criteria (a standard method for clinical 
diagnosis) as a suitable diagnostic test for BV.  
 
The prevalence of BV according using Nugent criteria (Score of 7–10) as the gold standard was, 35.8%. In other 
settings varied BV prevalence have been reported including: 48.6% in Ethiopia (Bitew et al., 2017), 29.2% in 
US, 24.4% In Nepal (Ranjit et al., 2018). Other rates ranging from 11% to 37% have also been reported in 
Nigeria (Ibrahim et al., 2014), in India (Bhalla et al., 2007), other sub-Saharan Africa (Jespers et al., 2014) and in 
other industrialized countries (Holzman et al., 2001). Reports from other Kenya, Tanzania and India studies were 
consistent with our study. Okuku et al., (2016) reported a prevalence of 39% in Kenya, Cohen et al., (2012) 
reported BV prevalence rates of 41% in Kenya, while Rao et al., (2004) and Baisley et al., (2009) reported high 
prevalence rates of 48.5% and 63% in India and Tanzania, respectively. Environmental, behavioral, 
socioeconomic status and stressor differences across various geographical region have been implicated in the 
intra and inter regional variation in the prevalence of BV.  
Hay/ Ison criteria marked by the following attributes; first, unlike the Nugent, the method does not rely in the 
estimate of the bacterial morphotypes quantity rather estimates the relationship between the amounts of bacteria, 
thus the field size of the microscope does not have an influence on the results (Forsum et al., 2002). Second, the 
method can be used on slides stained with different staining methods as well as on smears with no stains. Lastly, 
the method is simple and robust. These attributes call for evaluation of this method in different settings, 
populations and by different readers. To the best of our knowledge, this was the very first study to evaluate the 
utility of this method against both the Nugent and Amsel scoring methods in Kenya. Comparing the performance 
of Hay/ Ison’s method verses Amsel’s method using Nugent Gram stain as a gold standard were as follows: 
Sensitivity 100% verses 63.9% and specificity 94.6% verses 84.5% and Kappa of 0.926 verses 0.126. The 
comparable performance of Hay/ Ison to Nugent was also reported by (Ison and Hay, 2002) reporting kappa: 
0.89 similar to study by Chawla et al., 2013 with a kappa 0.906 and by Larsson et al., (2004) in Sweden. From 
our study and concurrence with previous studies Hay’s method is very similar to Nugent scoring criteria. We can 
conclude therefore the when there is a lack of time or expertise, Hay/ Ison’s scoring method can be used as an 
alternative method of diagnosis of BV.  
In this study women who were single were more likely to be infected with BV compared to their married 
counterparts in agreement to studies by Koumans et al., (2007) and Yen et al. (2003). We postulate that single 
women were likely to engage in sexual relationship including with multiple partners than the married women 
who were likely to be monogamous, which has been linked with increased chances of BV infection (Esber et al., 
2015). We reported lower prevalence of BV among women who had primary level of education. On the contrary, 
Achondou et al., (2016) reported a higher prevalence of BV among participants who attained only primary 
education or no education at all. These findings raise the need for public awareness and education on vaginal 
infections in general. Emphasis should be laid on proper hygienic practices as well as the bad sides of early sex, 
multiple sex partners, change of sex partners, use of unprescribed drugs and antiseptics amongst others. 
Condom use during sexual encounters was not protective against BV in our study contrary to others which have 
reported otherwise (Bukusi et al., 2006; Okuku et al., 2016). In sub-Saharan Africa, the association between BV 
and male condom use is inconsistent; perhaps reflecting the heterogeneity of the formulations. Studies in 
Burkina Faso, Zimbabwe and Uganda, condom use was not associated with BV (Miller at el., 2005; Hutchinson 
et al., 2007). In other regions and studies the beneficial effect of condom use vis-à-vis BV acquisition have been 
reported (Hutchinson et al., 2007; Yotebieng et al., 2009). Women who experienced abdominal pains and those 
with milky vaginal discharge were more likely to be infected with BV in agreement with Mengistie et al., (2014) 
who reported association between the presence of abnormal vaginal discharge and unpleasant smell. Positive 
whiff test as well as the presence of clue cells are key markers of BV positivity by Amsel’s criteria. It is not 
surprising that the positivity of whiff test and the presence of clue cells in our study were associated with BV. 
This agrees with several studies in different settings (Amsel et al., 1983; Chawla et al., 2013). 
 
Other factors such as age, occupation, parity and cigarette smoking, age of sexual debut, abortion, and number of 
sexual partners, contraceptive use, partner’s circumcision status, HIV/STD infection, vaginal irritations, 
douching were not found associated with BV infection in this study. The relatively small sampled population, the 
cross-sectional nature and variation in the testing method could account for the lack of this association. 
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Given the above stated limitations, we can conclude the following: That in this geographical defined population, 
the prevalence of BV infection is significantly high. Similar to other studies, certain socio-demographic and 
sexual behavior and hygienic practices are important predictors of BV infection. The strong agreement in the 
performance of Hay/ Ison’s and Nugent’s scoring criteria “considered the gold standard” implies that Hay/ Ison’s 
method can be used as an alternative to Nugent’s scoring method. Further Hay/ Ison’s method seems more 
applicable for use in large busy hospitals covering a large population. 
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